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(54) Superior and inferior limb blood pressure measuring apparatus 

(57) An apparatus (10) for measuring a superior- 
and-inferior-limb blood-pressure index of a living sub- 
ject, comprising a first blood-pressure measuring device 
(1 4, 82) which measures a first blood pressure of a right 
inferior limb (12) of the subject, a second blood-pres- 
sure measuring device (18, 84) which measures a sec- 
ond blood pressure of a left inferior limb (16) of the 
subject, a third blood-pressure measuring device (22, 
86) which measures a third blood pressure of a superior 
limb (20) of the subject, a first information obtaining 
device (24, 28. 36, 38, 72, 74, 88) which obtains first 
infonnatlon relating to a first velocity of propagation of a 
first pulse wave which propagates through a first route a 
portion of which runs in the right inferior limb, a second 
information obtaining device (40, 44, 50, 38, 72, 74. 90) 
which obtains second tnfomnation relating to a second 
velocity of propagation of a second pulse wave which 
propagates through a second route a portion of which 
runs in the left inferior limb, selecting means (92) for 
selecting one of the measured first and second blood 
pressures that corresponds to one of the first and sec- 
ond information that relates to a lower one of the first 
and second velocities; and index determining means 
(94) for determining the superior-and-inferior-limb 
blood>pres8ure index, based on the selected one of the 
first and second blood pressures, and the measured 
third blood pressure. 
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Description 

BACKGROUND OF THE INVENTION 

Reld of the Invention s 

[0001] The present invention relates to an appara- 
tus for measuring a superior-and-inferior-fimb blood- 
pressure index of a living subject (e.g., a ratio of an inte- 
rior-limb blood pressure to a superior-limb blood pres- 
sure, or a ratio of a superior-limb blood pressure to an 
inferior-limb blood pressure), and to an apparatus for 
measuring a blood pressure of an inferior limb of a living 
subject, the latter apparatus being advantageously 
employed by the former apparatus. 

Related Art Statement 

[0002] For a person who suffers arterial obstruction 
or arteriostenosis. his or her infertor-ltmb blood pressure 
("BP") value is lower than his or her corresponding 
superior-limb BP value (for example, a systolic superior- 
limb BP value corresponds to a systolic inferior-limb BP 
value). Meanwhile, if an inferior-limb BP value of a per- 
son is higher than his or her corresponding superior- 
limb BP value by a prescribed value, he or she may suf- 
fer aortic incompetence or aortitis syndrome limited to 
aortic arch. It has been practiced to utilize this for diag- 
nosing arterial disease based on the ratio of inferior- 
limb BP value to superior-limb BP value or the ratio of 
superior-limb BP value to inferior-limb BP value, that is, 
a superior-and-inferior-limb BP index, 
[0003] Since the superior-and-inferior-limb BP 
index is simply obtained as the ratio of interior-limb BP 
value to superior-limb BP value or the ratio of superior- 
limb BP value to inferior-limb BP value, it is required to 
measure accurately the inferior-limb BP value. How- 
ever, If one or more blood vessels running in a portion of 
an inferior limb from which the inferior-limb BP value is 
measured suffer advanced calcification, that is, sclero- 
sis of tunica media as the middle one of three layers of 
tunica vasculosa, the inferior-limb BP value is raised 
because of the hardness of the blood vessels. In addi- 
tion, since an inferior limb is thicker than a superior limb 
and has a generally conical shape, it is hard to wind an 
inflatable cuff around it. Moreover, since arterial vessels 
running in an inferior limb are present deep in adipose 
tissues and muscles, it is naturally harder to measure 
an inferior-limb BP value than measure a superior-limb 
BP value, in the case where blood vessels running in a 
portion of an inferior limb from which an inferior-fimb BP 
value is measured suffer highly advanced catcification. 
those blood vessels cannot be fully occluded by the 
pressing of an inflatable cuff and accordingly an exces- 
sively high Inferior-limb BP value may be measured. 
Therefore, if a person who suffers arterial obstruction or 
arteriostenosis also suffers advanced calcification of his 
or her inferior-limb blood vessels, a normal superior- 



and-inferior-iimb BP index value may be measured from 
the person. In this case, arterial obstruction or arterios- 
tenosis cannot be accurately diagnoses based on the 
superior-and-inferior-limb BP Index. 

SUMMARY OF THE INVENTION 

[0004] It Is therefore an object of the present inven- 
tion to provide an apparatus which can measure a 
highly reliable superior-and-Inferior-llmb blood-pressure 
index of a living subject even If he or she may suffer the 
calcification of his or her inferior-limb blood vessels. 
[0005] It is another object of the present invention to 
provide an apparatus which measures a superior-and- 
inferior-limb blood -pressure index of a living subject 
while judging whether the measurement of an inferior- 
limb blood pressure is abnormal. 
[0006] It is another object of the present invention to 
provide an apparatus which measures an inferior-limb 
blood-pressure of a living subject while judging whether 
the subject suffers the calcification of his or her inferior- 
limb blood vessel. 

(1 ) According to a first feature of the present inven- 
tion, there is provided an apparatus for measuring a 
superior-and-lnferior-limb blood-pressure index of a 
living subject, comprising a first blood-pressure 
measuring device which measures a first blood 
pressure of a right inferior limb of the subject; a sec- 
ond blood-pressure measuring device which meas- 
ures a second blood pressure of a left inferior limb 
of the subject; a third blood-pressure measuring 
device which measures a third blood pressure of a 
superior limb of the subject; a first infonnatlon 
obtaining device which obtains first infomnation 
relating to a first velocity of propagation of a first 
pulse wave which propagates through a first route a 
portion of which runs In the right Inferior limb; a sec- 
ond information obtaining device which obtains 
second information relating to a second velocity of 
propagation of a second pulse wave which propa- 
gates through a second route a portion of which 
runs in the left inferior limb; selecting means for 
selecting one of the measured first and second 
blood pressures that corresponds to one of the first 
and second information that relates to a lower one 
of the first and second velocities; and index deter- 
mining means for determining the superior-and- 
inferior-limb blood-pressure index, based on the 
selected one of the first and second blood pres- 
sures, and the measured third blood pressure. 

According to this feature, the first information 
obtaining device obtains first information relating to 
a first velocity of propagation of a first pulse wave 
which propagates through a first route a portion of 
which runs in the right inferior limb, the second 
information obtaining device obtains second infor- 
mation relating to a second velocity of propagation 
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of a second pulse wave which propagates through 
a second route a portion of which runs In the left 
inferior limb, the selecting means selects one of the 
measured first and second BP values that corre- 
sponds to one of the first and second Information 5 
that relates to a lower one of the first and second 
velocities, and the index determining means deter- 
mines the superior-and-inferior-iimb BP index, 
based on the selected one of the first and second 
BP values, and the measured third BP value. The w 
higher the degree of calcification of blood vessel is, 
the higher the velocity of propagation of pulse wave 
through the blood vessel is. Therefore, the selected 
one of the measured first and second BP values 
that corresponds to the lower one of the first and is 
second velocities, means the inferior-limb BP value 
measured from the less calcified inferior limb. Since 
this inferior-limb BP value, selected by the selecting 
means, is used in determining the superior-and- 
Inferior-limb BP index, a highly reliably superior- 20 
and-inferior-limb BP index value can be obtained. 

(2) According to a second feature of the present 
invention that includes the first feature (1). the index 
deternriining means comprises means for determin- 
ing, as the superior-and-inferior-limb blood-pres- 25 
sure index, a ratio of the selected one of the first 
and second blood pressures to the third blood pres- 
sure, or a ratio of the third blood pressure to the 
selected one of the first and second blood pres- 
sures. 30 

(3) According to a third feature of the present inven- 
tion that includes the first or second feature (1) or 
(2), the first infomriation obtaining device comprises 
two first pulse- wave sensors which are worn on two 
different first portions of the living subject, respec- 35 
tivety, and each of which detects the first pulse 
wave at a corresponding one of the two first por- 
tions, at least one of the two first portions belonging 

to the right inferior limb, and the second information 
obtaining device comprises two second pulse-wave 40 
sensors which are worn on two different second 
portions of the subject, respectively, and each of 
which detects the second pulse wave at a corre- 
sponding one of the two second portions, at least 
one of the two second portions belonging to the left 45 
inferior limb. 

(4) According to a fourth feature of the present 
invention that includes the third feature (3), the first 
information obtaining device comprises first time 
determining means for detemnining. based on so 
respective times when the two first pulse-wave sen- 
sors detect the first pulse wave, a first propagation 
time needed for the first pulse wave to propagate 
between the two different first portions of the living 
subject, and the second infonmation obtaining ss 
device comprises second time determining means 

for determining, based on respective times when 
the two second pulse-wave sensors detect the sec- 



ond pulse wave, a second propagation time needed 
for the second pulse wave to propagate between 
the two different second portions of the subject. 

(5) According to a fifth feature of the present inven- 
tion that includes the fourth feature (4), the first 
information obtaining device comprises first velocity 
determining means for determining, based on the 
determined first propagation time and a distance 
between the two first portions of the living body, the 
first velocity of propagation of the first pulse wave, 
and wherein the second Infomnatlon obtaining 
device comprises second velocity determining 
means for determining, based on the determined 
second propagation time and a distance between 
the two second portions of the living body, the sec- 
ond velocity of propagation of the second pulse 
wave. 

(6) According to a sixth feature of the present Inven- 
tion, there is provided an apparatus for measuring a 
superior-and-inferior-iimb blood-pressure index of a 
living subject, comprising a first blood-pressure 
measuring device which includes a first inflatable 
cuff adapted to be wound around an inferior limb of 
the subject and which measures a first blood pres- 
sure of the inferior limb; a second blood-pressure 
measuring device which measures a second blood 
pressure of a superior limb of the subject; a first 
pulse-wave sensor which detects a first pulse wave 
which propagates through a portion of the inferior 
limb that is located on an upstream side of the first 
Inflatable cuff; sharpness detemiining means for 
determining a degree of sharpness of a heartbeat- 
synchronous pulse of the first pulse wave detected 
by the first pulse-wave sensor; and judging means 
for judging that when the determined degree of 
sharpness is not greater than a first reference value 
and the measured first blood pressure is higher 
than the measured second blood pressure by a 
value not smaller than a second reference value, 
the measurement of the first blood pressure by the 
first blood pressure measuring device is abnormal. 

According to this feature, the sharpness deter- 
mining means determines a degree of sharpness of 
a heartbeat-synchronous pulse of the first pulse 
wave detected by the first pulse -wave sensor, and 
the judging means judges that when the deter- 
mined degree of sharpness is not greater than a 
first reference value and the measured first blood 
pressure is higher than the measured second blood 
pressure by a value not smaller than a second ref- 
erence value, the measurement of the first blood 
pressure by the first blood pressure measuring 
device is abnormal. Thus, an operator such as a 
medical staff can recognize that the measurement 
of the first blood pressure has not been properly 
performed by the first blood pressure measuring 
device. A small degree of sharpness, detemfiined 
by the sharpness determining nrieans, means that 
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the subject suffers arteriostenosis in the portion of 
the inferior limb located on the upstream side of the 
first inflatable cuff and accordingly a lowered BP 
value is measured from a portion of the inferior limb 
located on a downstream side of the cuff. If it is 5 
assumed that the BP measurement has been prop- 
erly performed, the determined degree of sharp- 
ness which is not greater than the first reference 
value should mean that the measured inferior-limb 
BP value is equal to, or lower than the superior-limb 10 
BP value. When, in fact, the measured inferior-limb 
BP value is higher than the superior-limb BP value 
by a value not smaller than the second reference 
value, it can therefore be concluded that the BP 
measurement was abnormal because the blood ts 
blow through the blood vessel or vessels running in 
the portion of the inferior limb pressed by the cuff 
cannot be fully stopped by the cuff. 

(7) According to a seventh feature of the present 
invention that includes the sixth feature (6). the sec- 20 
ond blood-pressure measuring device comprises a 
second inflatable cuff adapted to be wound around 

the superior limb of the subject, and wherein the 
apparatus further comprises a second pulse-wave 
sensor which detects a second pulse wave which 25 
propagates through a portion of the superior limb 
that is located on an upstream side of the second 
inflatable cuff; and reference-value detemiining 
means for determining the first reference value 
based on the second pulse wave detected by the 30 
second pulse-wave sensor. 

(8) According to an eighth feature of the present 
invention that includes the sixth or seventh feature 
(6) or (7), the sharpness determining means com- 
prises means for determining, as the degree of 35 
sharpness, a percentage, %MAR of a height of a 
center of gravity of an area enveloped by a wave- 
form of the heartbeat-synchronous pulse of the first 
pulse wave, relative to an amplitude of the wave- 
form of the pulse. 4o 

(9) According to a ninth feature of the present 
invention, there is provided an apparatus for meas- 
uring a superior-and-inferior-limb blood-pressure 
index of a living subject, comprising a first blood- 
pressure measuring device which includes an 45 
inflatable cuff adapted to be wound around an infe- 
rior flmb of the subject and which measures a first 
blood pressure of the inferior limb; a second blood- 
pressune measuring device which measures a sec- 
ond blood pressure of a superior limb of the subject; so 
a first pulse-wave sensor which detects a first pulse 
wave which propagates through a portion of the 
inferior limb that is located on an upstream side of 

the inflatable cuff; a second pulse-wave sensor 
which detects a second pulse wave which propa- 55 
gates through the superior limb; and a display 
device which simultaneously displays the meas- 
ured first and second blood pressures and the 



detected first and second pulse waves. 

According to this feature, the display device 
simultaneously displays the measured first and 
second blood pressures and the detected first and 
second pulse waves. Therefore, if the first or infe- 
rior-limb BP value is higher than the second or 
supertor-limb BP value but an observer can see on 
the display device that the first or inferior-limb pulse 
wave is less sharp than the second or superior-limb 
pulse wave, the observer can Judge that the BP 
measurement peformed by the first or Inferior-limb 
BP measuring device was abnormal. 

(10) According to a tenth feature of the present 
Invention that includes the ninth feature (9), the 
apparatus further comprises index determining 
means for determining a superior-and-inferior-llmb 
blood-pressure Index of the subject, based on the 
measured first and second blood pressures, and 
the display device displays the detemriined supe- 
rior-and-inferior-limb blood-pressure index, in addi- 
tion to the measured first and second blood 
pressures and the detected first and second pulse 
waves. 

(1 1 ) According to an eleventh feature of the present 
Invention, there is provided an apparatus for meas- 
uring a blood pressure of an Inferior limb of a living 
subject, comprising a t)1ood-pressure measuring 
device which Includes an inflatable cuff adapted to 
be wound around the inferior limb and which meas- 
ures, with the cuff, the blood pressure of the inferior 
limb of the subject; an input device which is opera- 
ble for inputting at least one characteristic value 
characteristic of the subject and which produces at 
least one signal representing the at least one input 
characteristic value; map selecting means for 
selecting, based on the input characteristic value, 
one of a plurality of predetermined maps each of 
which defines. In a coordinate system having a first 
axis representing blood pressure and a second axis 
representing Information relating to velocity of prop- 
agation of pulse wave through blood vessel, a calci- 
fication range Indicating calcification of the blood 
vessel; an information obtaining device which 
obtains information relating to a velocity of propa- 
gation of a pulse wave which propagates between 
two different portions of the subject that include a 
portion of the Inferior limb around which the Inflata- 
ble cuff Is wound; and judging means for judging 
whether the measured blood pressure and the 
obtained infonmation fall In the calcification range of 
the selected map, and thereby judging whether at 
least one blood vessel running In the portion of the 
Inferior limb has been calcified to such a degree 
that a blood fiow through the blood vessel cannot 
be stopped by the Inflatable cuff. 

According to this feature, the map selecting 
means selects, based on the input characteristic 
value, one of a plurality of predetermined maps 
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each of which defines, in a coordinate systenn hav- 
ing a first axis representing blood pressure and a 
second axis representing information relating to 
velocity of propagation of pulse wave through blood 
vessel, a calcification range indicating calcification 5 
of the blood vessel, and the judging means judges 
whether the measured blood pressure and the 
obtained information fall in the calcification range of 
the selected map, and thereby judges whether at 
least one blood vessel running in the portion of the w 
inferior limb has been calcified to such a degree 
that a blood flow through the blood vessel cannot 
be stopped by the inflatable cuff. Therefore, an 
operator can recognize that the BP measurement 
performed by the BP measuring device was abnor- 15 
mal. 

(12) According to a twelfth feature of the present 
invention that Includes the eleventh feature (1 1 ), the 
input device comprises means for inputting, as the 

at least one characteristic value, at least one value, 20 
selected from the group consisting of an age of the 
subject, a value corresponding to a sex of the sub- 
ject and a height of the subject. 

(13) According to a thirteenth feature of the present 
invention that includes the eleventh or twelfth tea- 2S 
ture (1 1) or (12), the apparatus further comprises a 
memory which stores the plurality of predetermined 
maps. 

(14) According to a fourteenth feature of the 
present invention that includes any one of the elev- 30 
enth to thirteenth features (11) to (13), the informa- 
tion obtaining device comprises propagation-time 
measuring means for measuring a time needed for 

the pulse wave to propagate between the two differ- 
ent portions of the subject. 35 

(15) According to a fifteenth feature of the present 
invention that includes the fourteenth feature (14), 
the information obtaining device further comprises 
inverse-of-propagation-time determining means for 
determining, as the information, an inverse of the 40 
propagation time measured by the propagation- 
time measuring means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0007] The above and optional objects, features, 
and advantages of the present invention will be better 
understood by reading the following detailed description 
of the preferred embodiments of the invention when 
considered in conjunction with the accompanying draw- so 
ings, in which: 

Fig. 1 is a diagrammatic view of the construction of 
an anWe/arm blood-pressure ("BP") Index measur- 
ing apparatus to which the present invention Is ss 
applied; 

Fig. 2 is a diagrammatic view of important control 
functions of an electronic control device of the 



measuring apparatus of Fig. 1 ; 
Fig. 3 is a view showing an example of a right pulse- 
wave propagation time, DTq, determined by the 
operation of the control device of the measuring 
device of Fig. 1 ; 

Rg. 4 is a flow chart representing a control program 
according to which the control device of the meas- 
uring apparatus of Fig. 1 is operated; 
Fig. 5 is a diagrammatic view of important control 
functions of an electronic control device of an 
ankle/arm BP Index measuring apparatus as a sec- 
ond embodiment of the present Invention; 
Fig. 6 is a flow chart representing a control program 
according to which the control device of the meas- 
uring apparatus of Fig. 5 is operated; 
Fig. 7 is a view showing an example of a screen 
image displayed by a display device of the measur- 
ing apparatus of Rg. 5; 

Rg. 8 is a diagrammatic view of the construction of 
an anl<le/arm BP index measuring apparatus as the 
third embodiment of the present Invention; 
Rg. 9 is a diagrammatic view of important control 
functions of an electronic control device of the 
measuring apparatus of Fig. 8; and 
Rg. 10 is a view showing an example of a map 
selected by a map selecting means of the measur- 
ing device of Fig. 8; and 

Fig. 11 is a flow chart representing a control pro- 
gram according to which the control device of the 
measuring apparatus of Fig. 8 is operated. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0008] Hereinafter, there will be described an 
ankle/arm btood-pressure ("BP") index measuring 
apparatus 10 to which the present invention is applied, 
by reference to the drawings. Rg. 1 is a block diagram 
showing the construction of the measuring apparatus 
10. The ankle/arm BP index measuring apparatus 10 is 
a sort of superior-and-lnferior-limb BP index measuring 
apparatus, since the measuring apparatus 10 meas- 
ures, as an Inferior-limb BP value, a BP value from an 
ankle of a patient as a living person and measures, as a 
superior-limb BP value, a BP value from an upper arm 
of the patient. The present apparatus 1 0 carries out the 
BP measurements on the patient who takes the face- 
down, lateral, or face-up position so that the upper arm 
and the ankle are substantially level with each other. 
[0009] In Fig. 1 , the ankle/arm BP index measuring 
apparatus 10 includes a right-ankle BP measuring 
device 14 which measures a BP value from a right ankle 
12 of the patient, a left-ankle BP measuring device 18 
which measures a BP value from a left ankle 16 of the 
patient, and an upper-ann BP measuring device 22 
whk;h measures a BP value from an upper arm 20 of the 
patient 

[0010] The right-ankle BP measuring devk:e 14 
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includes an inflatable cuff 24 which includes a belt-like 
cloth bag and a rubber bag accomnnodated in the cloth 
bag and which is wound around the right ankle 1 2 of the 
patient; a piping 26; and a pressure sensor 28, a switch 
valve 30, and an air pump 32 which are connected to 
the cuff 24 via the piping 26. The switch valve 30 is 
selectively placed in one of three operation states, that 
is, (a) a pressurized-air-supply state in which the switch 
valve 30 allows pressurized air to be supplied from the 
air pump 32 to the cuff 24, (b) a slow-deflation state in 
which the valve 30 allows the pressurized air to be 
deflated slowly from the cuff 24, and (c) a quick-defla- 
tion state in which the valve 30 allows the pressurized 
air to be deflated quickly from the cuff 24. 
[0011] The pressure sensor 28 detects an air pres- 
sure in the cuff 24, and supplies a pressure signal, SPi, 
representing the detected air pressure, to a static-pres- 
sure filter circuit 34 and a pulse-wave filter circuit 36. 
The state-pressure filter circuit 34 includes a low-pass 
filter which allows only low frequencies to pass there- 
through and thereby selects, from the pressure signal 
SP^, a cuff-pressure signal, SK^, representing a cuff 
pressure, Pcv as the constant component of the 
detected air pressure. The filter circuit 34 supplies the 
cuff-pressure signal SK^ to an electronic control device 
38 via an anal og-to- digital ("A/D") converter (not 
shown). 

[0012] The pulse-wave filter circuit 36 includes a 
band-pass filter which allows only specific frequencies 
to pass therethrough and thereby selects, from the 
pressure signal SP^, a pulse-wave signal, SM^. repre- 
senting a pulse wave as the oscillatory component of 
the detected air pressure. The filter circuit 36 supplies 
the pulse-wave signal SM^ to the electronic control 
device 38 via an A/D converter (not shown). 
[0013] The left-ankle BP measuring device 18 
includes an inflatable cuff 40. a piping 42, a pressure 
sensor 44, and a switch valve 46 which have respective 
constructions identical with those of the counterparts 
24, 26. 28, 30 of the right-ankle BP measuring device 
1 4. The cuff 40 of the left-ankle BP measuring device 1 8 
is wound around a portion of the left ankle 1 6 that corre- 
sponds to a portion of the right ankle 12 around which 
the cuff 24 of the right-ankle BP measuring device 14 is 
wound. The switch valve 46 is connected to the air 
pump 32. The pressure sensor 44 detects an air pres- 
sure in the cuff 40. and supplies a pressure signal, SP2, 
representing the detected air pressure, to a static-pres- 
sure filter circuit 48 and a pulse-wave filter circuit 50 
which have respective constructions identical with those 
of the counterparts 34. 36 of the right-ankle BP measur- 
ing device 14. The static-pressure filter circuit 48 
selects, from the pressure signal SP2. a cuff-pressure 
signal, SK2, representing a cuff pressure, Pcp, as the 
constant component of the detected air pressure, and 
supplies the cuff-pressure signal SK2 to the control 
devk:e 38 via an A/D converter (not shown). The putse- 
wave filter circuit 50 selects, from the pressure signal 



SP2, a pulse-wave signal, SM2, representing a pulse 
wave as the oscillatory component of the detected air 
pressure, and supplies the pulse-wave signal SM2 to 
the control device 38 via an /VD converter (not shown). 

5 [0014] The upper-arm BP measuring device 22 
includes an inflatable cuff 52 which has a construction 
identical with the cuff 24 or 40 and which is wound 
around an upper ami 20 (e.g.. a right upper arm) of the 
patient; and a piping 54, a pressure sensor 56, and a 

10 switch valve 58 which have respective constructions 
identical with those of the counterparts 24. 26. 28. 30 of 
the right-ankle BP measuring device 14. The switch 
valve 58 is connected to the air pump 32. The pressure 
sensor 56 detects an air pressure in the cuff 52. and 

15 supplies a pressure signal, SP3, representing the 
detected air pressure, to a static-pressure filter circuit 
60 and a pulse-wave filter circuit 62 which have respec- 
tive constructions identical with those of the counter- 
parts 34. 36 of the right-ankle BP measuring device 14. 

20 The static-pressure filter circuit 60 selects, from the 
pressure signal SPq, a cuff-pressure signal, SK3, repre- 
senting a cuff pressure, Pea. as the constant compo- 
nent of the detected air pressure, and supplies the cuff- 
pressure signal SKa to the control devtee 38 via an A/D 

25 converter (not shown). The pulse-wave filter circuit 62 
selects, from the pressure signal SP3, a pulse-wave sig- 
nal, SM3, representing a pulse wave as the oscillatory 
component of the detected air pressure, and supplies 
the pulse-wave signal SM3 to the control devrce 38 via 

30 an A/D converter (not shown). 

[0015] The electronic control device 38 is essen- 
tially provided by a microcomputer including a central 
processing unit ("CPU") 64, a read only memory 
("ROM") 66, a random access memory CRAM") 68, and 

35 an input-and-output ("I/O") port (not shown), and proc- 
esses input signals according to control programs pre- 
stored In the ROM 66. while utilizing the temporary-stor- 
age function of the RAM 68. The control device 38 out- 
puts, from the I/O port, drive signals to the air pump 32 

40 and the three switch valves 30, 46, 58 so as to control 
the respective operations thereof, and display signals to 
a display device 70 so as to control the contents dis- 
played thereby. 

[0016] An electrocardiograph ("ECG") 72 includes a 
45 plurality of electrodes 74 adapted to be attached to pre- 
determined portions of the patient, and continuously 
detects an electrocardiogram representing the active 
potential of the heart muscle of the patient. The ECG 72 
supplies an ECG signal, SM4. representing the detected 
50 electrocardiogram, to the electronic control device 38. 
The electrccariogram detected by the ECG 72 includes, 
as shown in Fig. 3, a Q wave or an R wave that corre- 
sponds to a time when the heart starts outputting blood 
toward the aorta. Thus, the ECG 72 functions as a first 
55 pulse-wave sensor. 

[0017] Fig. 2 is a diagrammatic view for explaining 
the important control functions of the control device 38. 
A cuff-pressure regulating means 80 controls, in each 
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BP measuring operation, the air pump 32 and the three 
switch valves 30, 46, 58 each connected thereto, such 
that the respective pressing pressures of the three cuffs 
24, 40, 52 are quickly increased up to a predetermined 
target pressure value, Pcm. (e g., about 180 mmHg) 
and then are slowly decreased at a rate of about 3 
mmHg/sec. In each pulse-wave detecting operation car- 
ried out for obtaining information relating to velocity of 
propagation of pulse wave, the cuff-pressure regulating 
means 80 controls the air pump 32 and the two switch 
valves 30, 46 each connected thereto, such that the 
respective pressing pressures P^;^, Pc2 of the two cuffs 
24, 40 are quickly increased up to a predetenmined tar- 
get pressure value which is sufficiently tower than a 
diastolic BP value of the patient, and then are main- 
tained at the target pressure for a predetermined time 
duration. 

[0018] A right-ankle BP detennining means 82 
determines right-ankle systolic and diastolic BP values, 
^PrsyS' SPrdiA' that is. BP values of the right 
ankle 12, according to well-known oscillometric method, 
based on the change of respective amplitudes of the 
heartbeat-synchronous pulses of the pulse-wave signal 
SMt detected one by one during the slow deflation of 
the cuff 24 wound around the right ankle 12 under the 
control of the cuff -pressure regulating means 80. 
[0019] A left-ankle BP detenmining means 84 deter- 
mines left-ankle systolic and diastolic BP values, 
^Plsys> ^^ldiA' ®t^ » th^t 's, BP values of the left ankle 
16, according to the oscillometric method, based on the 
change of respective amplitudes of the heartbeat-syn- 
chronous pulses of the pulse-wave signal SMg detected 
one by one during the slow deflation of the cuff 40 
wound around the left ankle 16 under the control of the 
cuff -pressure regulating means 80. 
[0020] An upper-amn BP detennining means 86 
determines upper-amn systolic and diastolic BP values. 
B^ASYS' BPadia. that Is. BP values of the upper 
arm 20, according to the oscillometric method, based 
on the change of respective amplitudes of the heart- 
beat-synchronous pulses of the pulse-wave signal SIVI3 
detected one by one during the slow deflation of the cuff 
52 wound around the upper arm 20 under the control of 
the cuff-pressure regulating means 80. 
[0021] A right pulse-wave-propagation -velocity 
("PWV") relating infonnation obtaining means 88 
obtains information relating to a velocity of propagation 
of a pulse wave which propagates through a right pulse- 
wave propagation route including a portion thereof run- 
ning in the right inferior limb. More specifically, the right 
PWV-re latin g- information obtaining means 88 obtains 
information relating to a velocity of propagation of a 
pulse wave between two portions of the patient, based 
on a second pulse wave detected by a right second 
pulse-wave sensor worn on a portion of the right inferior 
limb that is located on an upstream side of the cuff 24 
wound around the right ankle 1 2. i.e., on a proximal side 
of the cuff 24 (this upstrean>-side portion of the right 



inferior limb may be a portion thereof around which the 
cuff 24 is wound), and a first pulse wave detected by a 
right first pulse-wave sensor worn on a proximal side of 
the right second pulse-wave sensor. For example, the 

5 right PWV-relating-lnformatlon obtaining means 88 
detemnlnes, as the right PWV-relating Information, a 
right PWV value, Vr, or a right pulse-wave propagation 
time, DTr, based on a time difference between a peri- 
odic point on each of heartbeat-synchronous pulses of 

10 the first pulse wave, and a periodic point on a corre- 
sponding one of heartbeat-synchronous pulses of the 
second pulse wave. The ECG 72 functions as the right 
first pulse-wave sensor, and the pulse-wave filter circuit 
36 of the right-ankle BP measuring device 14 that 

IS detects a pulse wave from the posterior tibial artery run- 
ning in the portion of the right ankle 1 2 around which the 
cuff 24 is wound, functions as the second pulse-wave 
sensor. The right PWV-relating-information obtaining 
means 88 includes a time-difference calculating means 

20 which calculates a time difference (i.e., right pulse-wave 
propagation time), DTr, shown in Fig. 3, that is, a time 
difference between a time point at which the ECG 72 
detects the R wave of each heartbeat-synchronous 
pulse of the electrocardiogram (i.e., ECG waveform), 

25 and a time point at whteh the filter circuit 36 detects the 
rising point (i.e., the lowest point) of a corresponding 
heartbeat-synchronous pulse of the posterior-tibial- 
artery pulse wave. The right PWV-relating-information 
obtaining means 88 iteratively calculates, based on the 

30 calculated time difference DTr catoulated by the time- 
difference calculating means for each of the heartbeat- 
synchronous pulses, a right PWV value Vr (m/sec). 
according to the following expression (1 ) pre-stored in 
the ROM 66: 

35 

Vr = Lr/(DTr-Tpep) (1) 

where Lr (m) Is the distance from the left ventricle 
of the heart, via the aorta, to the portion of the right 

40 ankle 12 around which the cuff 24 is wound; 

and Tp£p (sec) is a pre-ejection time between the R 
wave of the ECG waveform and the rising point of 
the aortic pulse wave, as shown in Fig. 3 (Lr and 
Tp^p are replaced with respective constant values 

45 which are experimentally obtained In advance). 

[0022] Like the right PWV-relating-information 
obtaining means 88, a left PWV-relating-information 
obtaining means 90 obtains information relating to a 

50 velocity of propagation of a pulse wave which propa- 
gates through a left pulse-wave propagation route 
including a portion thereof running in the left inferior 
limb. More specifically, the left PWV-relating-information 
obtaining means 90 obtains information relating to a 

55 velocity of propagation of a pulse wave between two 
portions of the patient, based on a second pulse wave 
detected by a left second pulse-wave sensor worn on a 
portbn of the left inferior limb that is located on an 
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upstream side of the cuff 40 wound around the left ankle 
1 6, i.e., on a proximal side of the cuff 40 (the upstream- 
side portion of the left inferior limb may be a portion 
thereof around which the cuff 40 is wound), and a first 
putse wave detected by a left first pulse-wave sensor 5 
worn on a proximal side of the left second pulse-wave 
sensor. The left first and second pulse-wave sensors 
are worn on the patient, symmetrically with the right first 
and second pulse-wave sensors, with respect to the 
centerline of the patient. Thus, the distance between the 10 
cuff 40 and each of the left first and second pulse-wave 
sensors is equal to the distance between the cuff 24 and 
a corresponding one of the right first and second pulse- 
wave sensors. The ECG 72 functioning as the right first 
pulse-wave sensor also functions as the left first pulse- 15 
wave sensor, and the pulse-wave filter circuit 50 of the 
left-ankle BP measuring device 18 functions as the left 
second pulse-wave sensor. The left PWV-relating-infor- 
mation obtaining means 90 includes a time- difference 
calculating means which calculates a time difference 20 
(i.e.. left pulse-wave propagation time), DTl, that Is, a 
time difference between a time point at which the EGG 
72 detects the R wave of each heartbeat-synchronous 
pulse of the ECG waveform, and a time point at which 
the filter circuit 50 detects the rising point (i.e., the low- 25 
est point) of a corresponding heartbeat-synchronous 
pulse of the posterior-tibiat-artery putse wave. The left 
PWV-relating-infonnation obtaining means 90 Iteratlvety 
calculates, based on the calculated time difference DTl 
calculated by the time -difference calculating means for 30 
each of the heartbeat-synchronous pulses, a left PWV 
value Vr (m/sec), according to the following expression 
(2) pre-stored in the ROM 66: 

Vl = Ll/(DTl-Tpep) (2) 35 

where (m) is the distance from the left ventricle 
of the heart, via the aorta, to the portion of the left 
ankle 16 around which the cuft 40 is wound. (L^ is 
replaced with a constant value which is experimen- 40 
tally obtained in advance). 

[0023] A BP selecting means 92 compares the right 
PWV-relating infomiation obtained by the means 88 and 
the left PWV-relating information obtained by the means 4S 
90, with each other, and selects one of the right-ankle 
BP value BPr detemfiined by the right-ankle BP deter- 
mining means 82 and the corresponding left-ankle BP 
value BPl detemriined by the left-ankle BP determining 
means 84. so that the selected ankle BP value is used so 
by an ankle/amn BP index determining means 94, 
described below, to determine an ankle/arm BP index 
("API"). More specifically described, the selecting 
means 92 selects, as the ankle BP value, one of the 
right-ankle and left-ankle BP values BPr, BPl. that cor- 55 
responds to the lower one of the right and left propaga- 
tion velocities Vr. Vl, or the longer one of the right and 
left propagation times DTr, DT^. 
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[0024] An API determining means 94 determines or 
calculates an API value based on the inferior-limb BP 
value selected by the BP selecting means 92 and the 
corresponding upper-arm BP value BP^ determined by 
the upper-arm BP determining means 66. For example, 
in the case where the BP selecting means 92 selects 
the right-ankle systolic BP value BPrsys» the API may 
be obtained by dividing the right-ankle systolic BP value 
BPrsys by the upper-arm systolte BP value BPasys. or 
dividing the upper-arm systolic BP value BP^sYS 
right-ankle systolic BP value BPrsys- The thus deter- 
mined API value Is displayed on the display device 70. 
[0025] Pig. 4 is a flow chart representing a control 
program according to which the control device 38 is 
operated. First, the control of the control device 38 
starts with Steps SI, S2. and S3 corresponding to the 
cuff-pressure regulating means 80. At Step SA1. the 
three switch valves 30, 46, 58 are switched to their pres- 
sure-supply positions and the air pump 32 is operated, 
so that the respective air pressures of the three cuffs 24, 
40, 52 are qufckly increased. At Step SA2, it is judged 
whether all the air pressures Pc of the three cuffs 24, 
40, 52 have reached the predetemnined target pressure 
value PcM (about 1 80 mmHg), If a negative judgment is 
made at Step SA2. Steps SA1 and SA2 are repeated to 
continue increasing the air pressures Pc of the cuffs 24, 
40. 52. 

[0026] If a positive judgment is made at Step SA2. 
the control goes to Step SA3 to stop the operation of the 
air pump 32 and switch the three switch valves 30, 46, 
58 to their slow-deflation positions, so that the respec- 
tive air pressures Pq of the three cuffs 24, 40, 52 are 
decreased slowly at a predetermined low rate of about 
3 mmHg/sec. 

[0027] Step SA3 is followed by the BP-determine 
routine of Step SA4, con-esponding to the right-ankle 
BP detemiining means 82. the left-ankle BP determin- 
ing means 84, and the upper-arm BP determining 
means 86. More specifically described, the control 
device 38 determines an amplitude of each of succes- 
sive heartbeat-synchronous pulses of the cuff pulse 
wave represented by the pulse-wave signal SM^ sup- 
plied from the pulse-wave filter circuit 36, and deter- 
mines a right-ankle systolic BP value BPrsys> ^^C- 
based on the timewise change of the thus determined 
amplitudes according to a well-known oscillometric BP- 
determine algorithm. Similarly, the control device 38 
determines an amplitude of each of successive heart- 
beat-synchronous pulses of the cuff pulse wave repre- 
sented by the pulse-wave signal SM2 supplied from the 
pulse-wave filter circuit 50. and determines a left-ankle 
systolic BP value BPlsys. etc. based on the timewise 
change of the thus determined amplitudes according to 
the oscillometric BP-determine algorithm. In addition, 
the control device 38 determines an amplitude of each 
of successive heartbeat-synchronous pulses of the cuff 
pulse wave represented by the pulse-wave signal SM3 
supplied from the pulse-wave filter circuit 62, and deter- 



EP 1 053 714 A2 



5 



10 



15 



20 



25 



BMSOOCID: <EP 1053714A2.I_> 



15 



EP 1 053 714 A2 



16 



mines an upper-arm systolic BP value BP/vsys> 
based on the timewise change of the thus determined 
amplitudes according to the oscillometric BP*determine 
algorithm. 

[0028] Step SA4 is followed by Step SA5 corre- 
sponding to the cuff-pressure regulating means 80. At 
Step SA5, the three switch valves 30, 46, 58 are 
switched to their quick-deflation positions, so that the 
respective air pressures of the three cuffs 24, 40, 52 are 
quickly decreased. 

[0029] Step SA5 is followed by Step SA6 corre- 
sponding to the cuff-pressure regulating means 80. At 
Step SA6, the two switch valve 30, 46 connected to the 
two cuffs 24, 40 respectively wound around the right 
and left ankles 12, 16, are switched, for determining the 
right and left pulse-wave propagation limes DT^, DTl, 
to their pressure-supply positions, so that the respective 
air pressures Pci. Pc2 of the two cuffs 24, 40 are 
increased up to a predetermined target value which is 
estimated to be sufficiently lower than the diastolic BP 
value of the patient, and then are maintained at the tar- 
get value. 

[0030] Step SA6 is followed by Step SA7 to judge, 
based on the ECG signal SM4 supplied from the ECG 
72. whether the EGG 72 has detected the R wave of a 
heartbeat-synchronous pulse of the ECG waveform. If a 
negative judgment is made at Step SA7, Step SA7 is 
repeated. Meanwhile, if a positive judgnient is made, 
the control of the control device 38 goes to Step SA8 to 
judge, based on the pulse-wave signal SM^ supplied 
from the pulse-wave fitter circuit 36 of the rlght-ankte BP 
measuring device 14, whether the filter circuit 36 has 
detected the rising point of a heartbeat -synchronous 
pulse of the right-posterior-tibial-artery waveform. 
[0031] If a negative judgment is made at Step SA8. 
the control skips Step SA9 and carries out Step SA10. 
Meanwhile, if a positive Judgment is made at Step SA8, 
the control of the control device 38 goes to Step SA9 
corresponding to the right PWV-relating-information 
obtaining means 88. At Step SA9, the control device 38 
calculates, as shown in Fig. 3, a time difference 
between a time when the R wave is detected by the 
ECG 72 and a time when the rising point of the right- 
posterior-tibial-artery waveform is detected, i.e., a right 
pulse-wave propagation time OTp that is a time needed 
for a pulse wave to propagate from the heart to the por- 
tion of the right inferior limb (i.e., the right leg) around 
which the cuff 24 is wound. 

[0032] At the following Step SA10, the control 
device 38 judges, based on the pulse-wave signal SMg 
supplied from the pulse-wave filter circuit 50 of the left- 
ankle BP measuring device 18, whether the filter circuit 
50 has detected the rising point of a heartbeat-synchro- 
nous pulse of the left-posterior-tibial-artery wavefomn. If 
a negative judgment is made at Step SA10, the control 
skips Step SA11 and candies out Step SA12. Mean- 
while, if a positive judgment is nnade at Step SA10, the 
control of the control device 38 goes to Step SA1 1 cor- 



responding to the left PWV-relating-information obtain- 
ing means 90. At Step SA11, the control device 38 
calculates a time difference between a time when the R 
wave is detected by the ECG 72 and a time when the 

5 rising point of the left-posterior-tibial-artery waveform is 
detected, I.e., a left pulse-wave propagation time DTl 
that is a time needed for a pulse wave to propagate from 
the heart to the portion of the left inferior limb (i.e., the 
left leg) around which the cuff 40 is wound. 

10 [0033] At the following Step SA12, the control 
device 38 judges whether the control device 38 has 
determined both the right and left pulse-wave propaga- 
tion times DTp, DTl. ^ negative judgment is made at 
Step SA12, Steps SA8 to SA12 are repeated. Mean- 

15 while, if a positive judgment is made at Step SA12. the 
control of the control device 36 goes to Step SA13 cor- 
responding to the cuff-pressure regulating means 60. At 
Step SA1 3, the two switch valves 30, 46 are switched to 
their quick-deflation positions, so that the respective air 

20 pressures of the two cuffs 24, 40 are quickly decreased. 
[0034] Step SA13 is followed by Step SA14 con-e- 
sponding to the BP selecting means 92. At Step SA14, 
the control device 38 compares the right and left pulse- 
wave propagation times DTr, DTl determined at Step 

25 SA9, with each other, and selects one of the right-ankle 
and left-ankle systolic BP values BPpsYS» BPlsvs t^^at 
corresponds to the longer one of the right and left pulse- 
wave propagation times DT^, DTl- The thus selected 
ankle systolic BP value is used in determining an API 

30 value at the next step. 

[0035] Step SA14 is followed by Step SA15 corre- 
sponding to the ankle/arm BP index determining means 
94. At Step SA15, the control device 38 calculates an 
API value by dividing the ankle systolic BP value 

35 selected at Step SA14, by the upper-arm systolic BP 
value BPasys determined at Step SA4. The thus deter- 
mined API value is displayed on the display device 70. 
[0036] As Is apparent from the foregoing descrip- 
tion, the right PWV-relating-information obtaining 

40 means 88 (Step SA9) obtains the right pulse-wave 
propagation Lime DTr needed for the pulse wave to 
propagate from the heart to the right ankle 12 around 
which the cuff 24 is wound; the left PWV-relating-infor- 
mation obtaining means 90 (Step SA1 1) obtains the left 

45 pulse-wave propagation time DTl f^^eded for the pulse 
wave to propagate from the heart to the left ankle 16 
around which the cuff 40 is wound; the BP selecting 
means 92 (Step SA14) selects one of the right-ankle 
and left-ankle systolic BP values that corresponds to the 

50 longer one of the right and left pulse-wave propagation 
times DTr. DTl. '^^^ ^^^^ selected ankle systolic BP 
value corresponds to one of the two inferior limbs (i.e., 
the two legs) that has been less calcified than the other. 
Since the selected ankle systofic BP value is used in 

55 determining the API value, the thus determined API 
value enjoys high refiability. 

[0037] Next, there will be described a second 
embodiment of the present invention that relates to an 
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ankle/arm BP index measuring apparatus 100. The 
present apparatus 100 differs from the apparatus 10, 
shown in Fig. 1. only in that the present apparatus 100 
does not employ the ECG 72 and the electrodes 74 
employed in the apparatus 10 and that an electronic 5 
control device 38 of the present apparatus 100 has dif- 
ferent control functions. Accordingly, the same refer- 
ence numerals as used in the first embodiment shown 
in Figs. 1 to 4 are used to designate the corresponding 
elements and parts of the second embodiment shown in 10 
Figs. 5 to 7, and the description thereof is omitted. 
[0038] Rg. 5 is a diagrammatic view for explaining 
important control functions of the control device 38. 
[0039] An inferior-limb pulse-wave-sharpness 
determining means 102 determines a degree of sharp- 15 
ness of a heartbeat-synchronous pulse of a first inferior- 
limb pulse wave detected by a first inferior-limb pulse- 
wave sensor worn on an upstream-side portion of the 
right inferior limb that is located on an upstream side of 
the cuff 24 wound around the right ankle 12 (the 20 
upstream-side portion of the right inferior limb may be a 
portion thereof around which the cuff 24 is wound), and 
additionally determines a degree of sharpness of a 
heartbeat-synchronous pulse of a second inferior-limb 
pulse wave detected by a second inferior-limb pulse- 2S 
wave sensor worn on an upstream-side portion of the 
left inferior limb that is located on an upstream side of 
the cuff 40 wound around the left ankle 16 (the 
upstream-side portion of the left inferior limb may be a 
portion thereof around which the cuff 40 is wound). The 30 
pulse-wave filter circuit 36 connected to the cuff 24 via 
the pressure sensor 28 functions as the first inferior- 
limb pulse-wave sensor, and the second pulse-wave fil- 
ter circuit 50 connected to the cuff 40 via the pressure 
sensor 44 functions as the second inferior-limb pulse- 35 
wave sensor. The inferior-limb pulse-wave-sharpness 
determining means 102 determines a degree of sharp- 
ness of a heartbeat-synchronous pulse of the pulse 
wave detected from the right posterior tibial artery by 
the filter circuit 36, and determines a degree of sharp- 40 
ness of a heartbeat-synchronous pulse of the pulse 
wave detected from the left posterior tibial artery by the 
filter circuit 50. The degree of sharpness means a 
degree of sharpness of upward projection of a heart- 
beat-synchronous pulse. For example, the degree of 45 
sharpness may be an index, %MAP, which is defined as 
a percentage of a height, a, of a center of gravity of an 
area enveloped by a heartbeat-synchronous pulse, rel- 
ative to an amplitude, b, of the pulse. The height a indi- 
cates a mean BP value, MAR and the amplitude b so 
indicates a pulse pressure obtained by subtracting a 
diastolic BP value from a systolic BP value. That is. the 
index %MAP is obtained according to the following 
expression (3): 

55 

%MAP=100Xa/b (3) 
[0040] A superior-limb pulse-wave-sharpness 



detennining means 1 04 determines a degree of sharp- 
ness of a heartl3eat-synchronous pulse of a superior- 
limb pulse wave detected by a superior- limb pulse-wave 
sensor worn on an upstream-side portion of the supe- 
rior limb that is located on an upstream side of the cuff 
52 wound around the upper ami 20 (the upstream-side 
portion of the superior limb may be a portion thereof 
around whteh the cuff 52 is wound). The pulse-wave fil- 
ter circuit 62 connected to the cuff 52 via the pressure 
sensor 56 functions as the superior-limb pulse -wave 
sensor, and the superior-limb pulse-wave-sharpness 
determining means 104 determines, like the means 
1 02, a degree of sharpness of a heartbeat-synchronous 
pulse of the upper-arm pulse wave detected by the filter 
circuit 62. 

[0041] A BP-measurement-abnormality judging 
means 1 06 judges that when the degree of sharpness 
of the rig ht-posterior-tibial -artery pulse wave deter- 
mined by the means 1 02 is not greater than a reference 
value, TH, and the measured right-ankle BP value BPl 
is higher than the measured con^espondlng upper-arm 
BP value BP;^ by a value not smaller than a reference 
value, a, the BP determination of the right-ankle BP 
detennining means 82 is abnormal, and Judges that 
when the degree of sharpness of the left-posterior-tib- 
ial-artery pulse wave determined by the means 102 is 
not greater than the reference value TH. and the meas- 
ured left-ankle BP value BPl is higher than the meas- 
ured con-esponding upper-arm BP value BP^ by a value 
not smaller than the reference value a, the BP determi- 
nation of the left-ankle BP detennining means 84 is 
abnormal. The reference value TH may be a constant 
value whteh is determined based on a normal degree of 
sharpness of a pulse of posterior-tibial- artery pulse 
wave. However, since, for a person who does not suffer 
inferior-limb arterial stenosis, a degree of sharpness of 
posterlor-tibial-artery pulse wave is greater than that of 
brachlal-artery pulse wave, the degree of sharpness of 
the upper-arm pulse wave detemiined by the means 
1 04 may be used as the reference value TH. In the latter 
case, the superior-limb pulse-wave -sharpness deter- 
mining means 1 04 functions as a reference-value deter- 
mining means. The reference value a is experimentally 
detenmined in advance, and a value about 10 mmHg 
may be employed as the value a. 

[0042] A BP-measurement-abnorma!ity displaying 
means 108 controls, if the BP-measurement-abnormal- 
ity judging means 1 06 judges that the BP detennination 
of the right-ankle BP determining means 82 is abnor- 
mal, and/or that the BP determination of the left-ankle 
BP determining means 84 Is abnonrnal. the display 
device 70 to display characters or symt>ols indicating 
that the BP detemnination of the right-ankle BP deter- 
mining means 82 is abnormal and/or that the BP deter- 
mination of the left-ankle BP determining means 84 is 
abnormal. 

[0043] An ankle/arm BP index determining means 
110 determines a right ankle/arm BP index value 
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(=APIpj) based on the right-ankle BP value BPr deter- 
mined by the means 82 and the upper-arm BP value 
BPa (corresponding to the right-ankle BP value BPr) 
determined by the means 86, and determines a left 
ankle/arm BP index value (=APIl) based on the left- 
ankle BP value BP(^ determined by the means 64 and 
the upper-arm BP value BP^, 

[0044] A pulse-wave displaying means 1 12 controls 
the display device 70 to display, together with the right- 
ankle BP value BPp. the left-ankle BP value BP^, and 
the upper-arm BP value BPa. respective wavefornns of 
the right-posterior-tibial-artery pulse wave, the left-pos- 
terior-tlbial-artery pulse wave, and the brachial-artery 
pulse-wave which are respectively detected by the 
pulse-wave filter circuits 36, 50, 62 in a state in which 
the respective air pressures Pq^, Peg, three 
cuffs 24, 40, 52 are held at a pressure value sufficiently 
tower than the diastolic BP value of the patient. 
[0045] Fig. 6 is a flow chart representing a control 
program according to which the control device 38 of the 
ankle/arm BP index measuring apparatus ICQ is oper- 
ated. In Fig. 6, Steps SB1 to SB5 are identical with 
Steps SA1 to SA& of the flow chart, shown in Fig. 4. 
which is employed in the first embodiment Thus, the 
apparatus 100 determines a right-ankle systolic BP 
value BPrsys. a I eft- ankle systolic BP value BPlsys» 
and an upper-arm systolic BP value BPasys5. 
deflates the respective air pressures Pqi, Pc2» Pes of 
the three cuffs 24, 40, 52. 

[0046] Step SB5 is followed by Step SB6 corre- 
sponding to the ankle/arm BP index determining means 
110. At Step SB6, the control device 38 detenmines an 
index value APIp by dividing the right-ankle systolic BP 
value BPrsys determined at Step SB4 by the upper- 
arm systolic BP value BP^sys determined at the same 
step, and determines an index value API|_ by dividing 
the ieft-ankle systolic BP value BPlsys determined at 
Step SB4 by the upper-arm systolic BP value BP^sys- 
The thus detemnined index values APIr, APIl are dis- 
played on the display device 70, as shown in Fig. 7. 
[0047] Subsequently, the control device 38 judges 
whether the measurement of the right-ankle BP values 
and/or the measurement of the left-ankle BP values are 
or is abnormal. 

[0048] First, at Step SB7 corresponding to the cuff- 
pressure regulating means 80, the three switch valves 
30, 46, 58 are switched to their pressure-supply states, 
so that the respective air pressures Pci. Pc2» Pc3 of the 
three cuffs 24, 40, 52 are increased up to a predeter- 
mined pressure value sufficiently lower than the diasto- 
lic BP value of the patient, and then are maintained at 
that value. 

[0049] At the following Step SB8, the control device 
38 judges, based on the pulse-wave signal SMt sup- 
plied from the pulse-wave filter circuit 36. whether the fil- 
ter circuit 36 has detected a wavefomi co^esponding to 
one heartbeat-synchronous pulse of the right-posterior- 
tibial-artery pulse wave. It a negative judgment is made 



at Step SB8, the control skips Step SB9 and proceeds 
with Step SB10. On the other hand, if a positive judg- 
ment is made at Step SB8. the control goes to Step SB9 
corresponding to the inferior-limb pulse-wave-sharp- 

5 ness detennlning means 102. At Step SB9. the control 
device 38 determines a height, a. of a center of gravity 
of an area enveloped by the waveform of the one heart- 
beat-synchronous pulse wave detected at Step SB8, 
and additionally determines an amplitude, b. of the 

10 waveform of the one pulse. Based on the thus deter- 
mined height a and amplitude b, the control device 38 
determines a sharpness degree, %MAP(R). of the right- 
posterior-tibial-artery pulee wave. Step SB9 is followed 
by Step SB10. 

15 [0050] At Step SBIO, the control device 38 carries 
out an identical operation on the left ankle 16. That is, 
the control device 38 judges, based on the pulse-wave 
signal SM2 supplied from the pulse-wave filter circuit 50, 
whether the filter circuit 50 has detected a waveform 

20 corresponding to one heartbeat-synchronous pulse of 
the left-posterior-tibial -artery pulse wave. If a negative 
judgment Is made at Step SBIO, the control skips Step 
SB1 1 and proceeds with Step SB12. On the other hand. 
If a positive judgment is made at Step SBIO, the control 

25 goes to Step SB1 1 corresponding to the inferior- limb 
pulse-wave-sharpness detemnining means 1 02. At Step 
SB1 1 , the control device 38 determines a height a of a 
center of gravity of an area enveloped by the waveform 
of the one heartbeat-synchronous pulse wave detected 

30 at Step SB1 0, and additionally determines an amplitude 
b of the waveform of the one pulse. Based on the thus 
determined height a and amplitude b, the control device 
38 determines a sharpness degree, %MAP(L), of the 
left-postehor-tibial-artery pulse wave. Step SB11 is fol- 
ds lowed by Step SB1 2. 

[0051] At Step SB12, the control device 38 carries 
out an identical operation on the upper arm 20. That is, 
the control device 38 judges, based on the pulse-wave 
signal SM3 supplied from the pulse-wave filter circuit 62, 

40 whether the filter circuit 62 has detected a waveform 
corresponding to one heartbeat -synchronous pulse of 
the brachial-artery pulse wave. It a negative judgment is 
made at Step SB12, the control skips Step SB13 and 
proceeds with Step 881 4. On the other hand, if a posi- 

45 tive judgment is made at Step SB12, the control goes to 
Step SB13 corresponding to the superior-fimb pulse- 
wave-sharpness determining means 104. At Step 
SB13, the control device 38 determines a height a of a 
center of gravity of an area enveloped by the waveform 

so of the one heartbeat-synchronous pulse wave detected 
at Step SB12. and additionally determines an amplitude 
b of the waveform of the one pulse. Based on the thus 
determined height a and amplitude b. the control device 
38 determines a sharpness degree, %MAP(A), of the 

55 brachial-artery pulse wave. Step SB13 is followed by 
Step SB14. 

[0052] At Step SB14. the control device 38 judges 
whether the three filter circuits 36, 50, 62 have detected 
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respective waveforms corresponding to respective one 
heartbeat-synchronous pulses of the right-posterior-tib- 
ial-artery pulse wave, the left-posterior-tibial-artery 
pulse wave, and the brachial-artery pulse wave. If a 
negative judgment is made at Step SB14, the control 
goes back to Step SB8 and the following steps. On the 
other hand, if a positive judgment is made at Step SB1 4, 
the control goes to Step SB15 corresponding to the 
pulse-wave displaying means 112. At Step SB15, the 
control device 38 controls the display device 70 to dis- 
play, together with the right-ankle systolic BP value 
BpRSYS' left-ankle systolic BP value BPlsys> 
the upper-anm systolic BP value BP/^sys displayed at 
Step SB4, the wavefomi of the right-posterior-tibial- 
artery pulse wave, the wavefonm of the left-posterior-tib- 
ial-artery pulse wave, and the waveform of the brachial- 
artery pulse wave, each along a time axis 114, as 
shown in Fig. 7. Rg. 7 shows an example of the three 
BP values BPrqys. BPlsys- BPasys displayed at Step 
SB4. the two index values APIr. APIi_ displayed at Step 
SB6. and the three pulse-wave waveforms displayed at 
Step SB15. The display device 70 displays, alon the 
time axis 114, the three pulse-wave wavefomis, side by 
side, so that an observer can compare those waveforms 
with one another. 

[0053] Step SB15 is followed by Step SB16 corre- 
sponding to the BP-measurement-abnormality judging 
means 106. At Step SB1 6, the control device 38 judges 
whether the degree of sharpness %MAP (R) of the 
right-posterior-tibial-artery pulse wave determined at 
Step SB9 Is not greater than the degree of sharpness 
%MAP (A) of the brachial-artery pulse wave detemiined 
at Step SB13 and simultaneously the right-ankle systo- 
lic BP value BPrsys determined at Step SB4 is higher 
than a sum of the upper-arm systolic BP value BP^sys 
determined at Step SB4 and the reference value a. if a 
positive judgment is made, the control device 38 con- 
cludes that in the BP measurement canied out for the 
right ankle 12. the flow of blood was not completely 
stopped by the pressing of the inflatable cuff 24. and 
therefore that the BP measurement was abnormal. Step 
SB16 is followed by Step SB17 corresponding to the 
BP-measurement-abnomnality displaying means 108. 
At Step SB1 7, the control device 38 controls the display 
device 70 to display characters and/or symbols indicat- 
ing that the BP measurement carried out for the right 
ankle 12 was abnormal. 

[0054] If a negative judgment is made at Step 
SB16. or after Step SB17. the control goes to Step 
SB18 corresponding to the BP-m easu re me nt-ab nor- 
mality judging means 106. At Step SB18. the control 
device 38 judges whether the degree of sharpness 
%MAP (L) of the left-posterior-tlbial -artery pulse wave 
determined at Step SBl l is not greater than the degree 
of sharpness %MAP (A) of the brachial-artery pulse 
wave determined at Step SBl 3 and simultaneously the 
left-ankle systolic BP value BP|_sys determined at Step 
SB4 is higher than a sum of the upper-arm systolk; BP 



value BP/vsys reference value a. If a positive 

judgment is made, the control device 38 concludes that 
in the BP measurement carried out for the left ankle 16, 
the flow of blood was not completely stopped by the 

5 pressing of the inflatable cuff 40, and therefore that the 
BP measurement was abnormal. Step SBl 8 Is followed 
by Step SBl 9 con'esponing to the BP-measurement- 
abnormality displaying means 108. At Step SBl 9. the 
control device 38 controls the display device 70 to dis- 

10 play characters and/or symbols indicating that the BP 
measurement earned out for the left ankle 16 was 
abnormal. If a negative judgment is made at Step SBl 8, 
or after Step SBl 9, the control device 38 quits the 
present control routine represented by the flow chart of 

15 Fig. 6, 

[0055] As is apparent from the foregoing descrip- 
tion, in the second embodiment, the inferior-limb pulse- 
wave sharpness detemiining means 102 (Step SB9) 
detemriines the sharpness %MAP(R) of the right-poste- 

20 rior-tibial-artery pulse wave detected by the pulse-wave 
filter circuit 36. and the BP-measurement abnormality 
judging means 106 (Step SBl 6) judges that when the 
pulse-wave sharpness %MAP(R) determined by the 
means 1 02 is not greater than the sharpness %MAP(A) 

25 of the brachial-artery pulse wave and the right-ankle 
systolic BP value BPrsys 's higher than the upper-arm 
systolic BP value BP^sys by a value not smaller than 
the reference value a, the BP measurement carried out 
by the right-ankle BP measuring device 14 for the right 

30 ankle 1 2 is abnomnal. Thus, an observer or an operator 
such as a medical staff can know that the BP measure- 
ment carried out for the right ankle 12 has not been 
properly carried out. 

[0056] In addition, in the second embodiment, the 

35 inferior-limb pulse-wave sharpness determining means 
102 (Step SB11) detemnines the sharpness %MAP(L) 
of the left-posterior-tibial-artery pulse wave detected by 
the pulse-wave filter circuit 60, and the BP-measure- 
ment absnormality judging means 106 (Step SBl 8) 

40 judges that when the pulse- wave sharpness %MAP(L) 
determined by the means 102 is not greater than the 
sharpness %MAP(A) of the brachial-artery pulse wave 
and the left-ankle systolic BP value BPi^sys higher 
than the upper-amn systolic BP value BP/^gys ^ ^ value 

45 not smaller than the reference value a, the BP measure- 
ment carried out for the left ankle 1 6 Is abnormal. Thus, 
an observer or an operator such as a medical staff can 
know that the BP measurement carried out for the left 
ankle 16 has not been property carried out. 

50 [0057] Moreover, in the second embodiment, the 
display device 70 simultaneously displays the right- 
ankle and left-ankle systolic BP values BPrsys. BPlsys 
and the upper-ami systolic BP value BP^sys. ancl the 
respective waveforms of the right and left posterior-tib- 

55 ial-artery pulse waves and the brachial-artery pulse 
wave. Therefore, in the case where the right-ankle 
systolfc BP value BPpsYs higher than the upper-arm 
systolic BP value BPasys> but the waveform of the right 
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posterior-tibial-artery pulse wave is less sharp than that 
of the brachial-artery pulse wave, an observer can 

judge that the BP measurement carried out by the right- 
ankle BP measuring device 14 for the right ankle 12 Is 
abnomnat and, in the case where the left-ankle systolic 5 
BP value BPlsys higher than the upper-ami systolic 
BP value BP^sYS- waveform of the left posterior- 

tibial-artery pulse wave is less sharp than that of the 
brachial-artery pulse wave, the observer can judge that 
the BP measurement carried out by the left-ankle BP /o 
measuring device 1 8 for the left ankle 16 is abnormal. 
[0058] Next, there will be described a third embodi- 
ment of the present invention that relates to an inferior- 
limb-BP measuring apparatus 120. Fig. 8 is a diagram- 
matic view for explaining the construction of the present is 
apparatus 120. The same reference numerals as used 
in the first embodiment shown in Figs. 1 to 4 are used to 
designate the corresponding elements and parts of the 
third embodiment shown in Figs. 8 to 11, and the 
description thereof is omitted. 

[0059] tn short, the inferior-limb BP measuring 
apparatus 120 includes an inflatable cuff 24, a piping 
26, a pressure sensor 28. a switch valve 30. an air pump 
32. a static-pressure filter circuit 34, a pulse-wave filter 
circuit 36, an ECG 72. and electrodes 74 which have 
respective constructions identical with those of the cor- 
responding elements 24, 26, 28, 30, 32, 34, 36 72, 74 
employed in the first embodiment. The cuff 24 is wound 
around a right ankle 1 2 of a living subject or a patient, to 
measure a right-ankle BP value of the patient. The 
present apparatus additionally includes a control device 
38 including a CPU 64. a ROM 66, and a RAM 68. and 
a display device 70. 

[0060] Moreover, an input device 122 includes a 
keyboard (not shown) which is manually operable by an 
operator for inputting at least one value characteristic of 
the patient, and which produces at least one signal, SC, 
representing the input at least one characteristic value 
and supplies the signal SC to the control device 38. The 
one or more characteristic values may include the age, 
sex, height, etc. of the patient. Those characteristic val- 
ues are physical information which influences a relation- 
ship between blood pressure and Information relating to 
velocity of propagation of pulse wave. One or more pre- 
determined items are input as the one or more charac- 
teristic values. 

[0061] Fig. g is a diagrammatic view for explaining 
important control functions of the control device 38 of 
the inferior-limb-BP measuring apparatus 120. 
[0062] A map selecting means 124 selects, based 
on the signal SC supplied from the input device 122, 
one of a plurality of predetermined maps which corre- 
spond to a plurality of predetemnined ranges for the 
input characteristc value, respectively, which are stored 
in the ROM 66, and each of which indicates, in a graph 
defined by a first axis representing blood pressure BP 
and a second axis representing Information relating to 
velocity of propagation of pulse wave through arterial 



vessel, a calcification range which is experimentally 
detemriined in advance and indicates that the arterial 
vessel has been cateifled. Fig. 10 shows an example of 
the maps stored In the ROM 66 and selected by the 
map selecting means 124. The map of Fig. 1 0 Indicates, 
In a graph defined by a first axis representing systolte 
blood pressure BPSYS and a second axis representing 
inverse, 1/DT, of propagation lime, DT, of pulse wave, a 
normal range and a calcification range. At the same BP 
value, the velocity of propagation of a pulse wave which 
propagates through a calcified artery is higher than that 
of a pulse wave whbh propagates through a non-calci- 
fied artery. That is, at the same BP value, the inverse 
1/DT of the propagation time DT of the pulse wave 
which propagates through the calcified artery is greater 
than that of the pulse wave which propagates through 
the non-calcified artery. Therefore, in the map shown in 
Rg. 10. the calcification range is located above the nor- 
mal range. 

[0063] A cablfication judging means 126 judges 
whether the right-ankle BP value measured by the right- 
ankle BP detemiining means 82 and the right PWV- 
relating information obtained by the right PWV-relating- 
infonmation obtaining means 88 fall in the calcification 
range of the selected map and, if a positive judgment Is 
made, judges that at least one blood vessel running in 
the right ankle 12 around which the cuff 24 is wound has 
been calcified to such a degree that the blood vessel 
cannot be fully or completely occluded by the pressing 
of the cuff 24, that is. the blood flow cannot be fully 
stopped by the cuff 24. 

[0064] A BP-measurement-abnormality displaying 
means 128 controls, if the calcification judging means 
126 judges that the blood vessels running in the right 
ankle 12 around which the cuff 24 is wound have been 
calcified to such a degree that the blood vessels cannot 
be fully occluded by the cuff 24, the display device 70 to 
display characters and/or symbols Indicating that the 
BP measurement carried out for the right ankle 12 is 
abnormal. 

[0065] Fig. 11 is a flow chart representing a control 
program according to which the control device 38 of the 
inferior-lirnb-BP measuring apparatus 120 is operated. 
[0066] First, at Step SCI, the control device 38 
judges whether the control device 38 has received, from 
the input device 122, the signal SC representing the 
characteristic value of the patient, and thereby judges 
whether the characteristic value has been input by the 
operator. 

[0067] If a negative judgment is made at Step SCI , 
Step SCI is repeated. Meanwhile, if a positive judgment 
is made at Step SCI . the control of the control device 38 
goes to Step SC2 corresponding to the map selecting 
means 124. At Step SC2, the control device 38 selects, 
based on the signal SC supplied from the input device 
122, one of the predetermined maps stored in the ROM 
66. 

[0068] Steps SC3 to SC1 1 are identical with Steps 
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SAl to SA9 of the flow chart, shown in Fig. 4, which is 
employed in the first ennbodinnent. Thus, the present 
apparatus 120 measures right-ankle systolic and 
diastolic BP values BPrsys. BPrd,a, etc., and main- 
tains the air pressure Pci of the cuff 24 at a predeter- 
mined pressing pressure value sufficiently lower than 
the diastolic BP value of the patient. In this state, the 
control device 38 measures a right pulse-wave propa- 
gation time, DTp, needed for a pulse wave to propagate 
from the heart to the right ankle 12. 
[0069] Step sen is followed by Step SCI 2 to 
switch the switch valve 30 to its quick-deflation position, 
thereby quickly decreasing the air pressure of the cuff 
24. 

[0070] Step SCI 2 is followed by Step SCI 3 corre- 
sponding to the calcification judging means 126. At Step 
SCI 3, the control device 38 judges whether the right- 
ankle systolic BP value determined at Step SC6 and the 
right pulse-wave propagation time DTr detemiined at 
Step sen fall in the calcification range of the map 
selected at Step SC2. 

[0071] If a negative judgment is made at Step 
SCI 3, the control device 38 quits the present control 
routine. On the other hand, if a positive judgment is 
made at Step SCI 3. the control of the control device 38 
goes to Step SC14 corresponding to the BP-measure- 
ment-abnormality displaying means 128, At Step SC14, 
the control device 38 controls the display device 70 to 
display characters and/or symbols indicating that the 
BP measurement earned out for the right ankle 12 is 
abnonnal. After Step SCI 4, the control device 38 quits 
this control routine. 

[0072] As is apparent from the foregoing descrip- 
tion, In the third embodiment, the map selecting means 
124 (Step SC2) selects, based on the characteristic 
value input through the input device 1 22, one of the plu- 
rality of predetermined maps each of which indicates 
the calcification range In the graph defined by the first 
axis representing right-ankle systolic blood pressure 
^^RSYS 3^d the second axis representing pulse-wave 
propagation time DTr, The calcification judging means 
126 (Step SC13) judges whether the measured right- 
ankle systolic BP value BPr^yq and the measured 
pulse-wave propagation time DTr fall in the calcification 
range of the map selected by the map selecting means 
124, and thereby judges whether the arterial vessels 
running in the right ankle around which the cuff 24 is 
wound have been calcified to such an extent that the 
blood flow cannot be stopped by the cuff 24. Thus, the 
judging means 126 judges whether the BP measure- 
ment carried out for the right ankle 12 is abnonmal. 
[0073] While the present invention has been 
described in its preferred embodiments, it may be other- 
wise embodied. 

[0074] For example, in the illustrated embodiment, 
the ECG (electrocardiograph) 72 is used as the first 
pulse-wave sensor commonly for obtaining both the 
right and left PWV-relating information. However, the 



ECG 72 may be replaced with a microphone which is 
worn on the chest of the living subject and detects 
respective heart sounds produced when the heart starts 
and ending outputting blood toward the aorta 

5 [0075] In addition, each first pulse-wave sensor, 
such as the pulse-wave fitter circuit 62 connected to the 
cuff 52 wound around the upper amn 20 via the pressure 
sensor 52, may be provided by a pulse-wave sensor 
which detects a pulse wave from a portion of the subject 

10 that Is more distant from the corresponding second 
pulse-wave sensor than the heart of the subject. 
[0076] Moreover, the two (right and left) first pulse- 
wave sensors may be provided by two pulse-wave sen- 
sors which are adapted to be worn on respective femo- 

15 ral portions of two legs of the subject. 

[0077] The two (right and left) second pulse-wave 
sensors may be provided by two peripheral-pulse-wave 
sensors which are adapted to be worn on respective 
one toes of two feet of the subject. 

20 [0078] In the illustrated embodiment, each of the 
right-ankle BP measuring device 14, the left-ankle BP 
measuring device 1 8, and the upper-anri BP measuring 
device 22 measures a BP value according to the oscillo- 
metric method. However, each of the three BP measur- 

25 ing devices 14, 18, 22 may be one which measures a 
BP value according to a well-known Korotkoff-sound 
method in which a BP value is measured based on a 
cuff-pressure value read at a time when Korotkoff 
sounds are first or last detected. Otherwise, each 

30 device 14, 18. 22 may be one which measures a BP 
value according to a supersonic Doppler method in 
which, while a pressure which presses an artery is 
changed, a supersound emitter and a supersound 
receiver which are provided right above the artery coop- 

35 erate with each other to detect the opening and closing 
of the arterial vessel. 

[0079] Each of the three BP measuring devices 1 4. 
18. 22 of the first embodiment and the upper-arm BP 
measuring device 22 of the second embodiment may be 
40 provided by a BP measuring device which does not 
employ any inflatable cuffs, such as an invasive BP 
measuring device which invasively measures a BP 
value of a subject. 

[0080] The ankle/arm BP index measuring appare- 
ls tus 10, 110 is a sort of superior-and-inferior-limb BP 
index measuring apparatus wherein an ankle is 
selected as an inferior limb and an upper arm is 
selected as a superior limb, and the inferior-limb BP 
measuring apparatus 120 measures a BP value from an 
50 ankle as an inferior limb. However, a femoral portion or 
a toe may be selected as an Inferior limb, and a wrist or 
a finger may be selected as a superior limb. 
[0081] In the second embodiment, the two inferior- 
limb pulse-wave sensors are provided by the two pulse- 
55 wave filter circuits 36, 50, respectively, whteh detect the 
respective pulse waves from the respective portions of 
the two Inferior limbs around which the two cuffs 24, 40 
are wound. However, the inferior-limb pulse-wave sen- 
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sors may be worn on respective upstream-side portions 
of the two Inferior limbs that are located on respective 
upstream sides of the two cuffs 24, 40 as seen in 
respective directions in which arterial blood flows in the 
Interior limbs. Similarly, although In the second embodl- 5 
ment the superior-limb pulse wave sensor is provided 
by the pulse-wave filter circuit 62 which detects the bra- 
chial-artery pulse wave, the superior-limb pulse-wave 
sensor may be provided by a pulse-wave sensor which 
is adapted to be worn on a wrist or a finger. 10 
[0082] In the third embodiment, the control device 
38 obtains information relating to velocity of propagation 
of pulse wave which propagates from the heart to the 
ankle 12 around which the cuff 24 is wound. However, 
two pulse -wave sensors may be worn on both sides of 15 
the cuff 24, and respective pulse waves detected by the 
two sensors may be used to obtain information relating 
to velocity of propagation of pulse wave. For example, in 
the case where a cuff is wound around an anl<le of a leg, 
two pulse-wave sensors may be worn on a femoral por- 20 
tion and a toe of the same teg, respectively, to obtain 
information relating to velocity of propagation of pulse 
wave which propagates from the femoral portion to the 
toe. In the latter case, the apparatus 120 can more 
accurately judge whether the blood vessels of the body 2S 
portion around which the cuff is wound have been calci- 
fied. 

[0083] In the third embodiment, the apparatus 1 20 
measures a BP value from the right ankle 12. However, 
the apparatus may measure a BP value from a left 30 
ankle. 

[0084] It is to be understood that the present inven- 
tion may be embodied with other changes, improve- 
ments, and modifications that may occur to a person 
skilled in the art without departing from the scope and 35 
spirit of the invention defined in the appended claims. 

Claims 

1. An apparatus (10) for measuring a superior-and- 40 
inferior-limb blood-pressure index of a living sub- 
ject, comprising: 

a first blood-pressure measuring device (14, 
82) which measures a first btood pressure of a 4S 
right Inferior limb (12) of the subject; 
a second blood-pressure nneasuring device 
(18. 84) which measures a second blood pres- 
sure of a left inferior limb (16) of the subject; 
a third blood-pressure measuring device (22, so 
86) which measures a third blood pressure of a 
superior limb (20) of the subject: 
a first information obtaining device (24, 28, 36. 
38, 72, 74, 88) which obtains first information 
relating to a first velocity of propagation of a 55 
first pulse wave which propagates through a 
first route a portion of which runs in the right 
inferior limb; 



a second information obtaining devtoe (40, 44, 
50, 38. 72, 74, 90) which Obtains second infor- 
mation relating to a second velocity of propaga- 
tion of a second pulse wave whteh propagates 
through a second route a portion of which runs 
In the left inferior limb; 

selecting means (92) for selecting one of the 
measured first and second blood pressures 
that corresponds to one of the first and second 
information that relates to a lower one of the 
first and second velocities; and 
index detenmlning means (94) for determining 
the superior-and-inferior-limb blood-pressure 
index, based on the selected one of the first 
and second blood pressures, and the meas- 
ured third blood pressure. 

2. An apparatus according to claim 1, wherein the 
index determining means comprises means (94) for 
determining, as the superior-and-inferior-limb 
blood-pressure index, a ratio of the selected one of 
the first and second blood pressures to the third 
blood pressure, or a ratio of the third blood pressure 
to the selected one of the first and second blood 
pressures. 

3. An apparatus according to claim 1 or claim 2, 
wherein the first infonmation obtaining device com- 
prises two first pulse-wave sensors (24, 74) which 
are worn on two different first portions of the living 
subject, respectively, and each of which detects the 
first pulse wave at a con'esponding one of the two 
first portions, at least one of the two first portions 
belonging to the right inferior limb, and wherein the 
second information obtaining device comprises two 
second pulse-wave sensors (40. 74) which are 
worn on two different second portions of the sub- 
ject, respectively, and each of which detects the 
second pulse wave at a con'esponding one of the 
two second portions, at least one of the two second 
portions belonging to the left inferior Hmb. 

4. An apparatus according to claim 3, wherein the first 
information obtaining device comprises first time 
determining means (68) for determining, based on 
respective times when the two first pulse- wave sen- 
sors detect the first pulse wave, a first propagation 
time needed for the first pulse wave to propagate 
between said two different first portions of the living 
subject, and wherein the second information 
obtaining device comprises second time determin- 
ing means (90) for detemiining, based on respec- 
tive times when the two second pulse-wave 
sensors detect the second pulse wave, a second 
propagation time needed for the second pulse wave 
to propagate between said two different second 
portions of the subject 
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5. An apparatus according to claim 4, wherein the first 
information obtaining device connprises first velocity 
determining means (88) for determining, based on 
the determined first propagation time and a dis- 
tance between the two first portions of the living 
body, the first velocity of propagation of the first 
pulse wave, and wherein the second information 
obtaining device comprises second velocity deter- 
mining means (90) for determining, based on the 
determined second propagation time and a dis- 
tance between the two second portions of the living 
body the second velocity of propagation of the sec- 
ond pulse wave. 

6. An apparatus (100) for measuring a superior-and- 
inferlor-limb blood-pressure index of a living sub- 
ject, comprising: 

a first blood-pressure measuring device (24, 
28, 36. 40. 44, 50. 82, 84) which includes a first 
Inflatable cuff (24, 40) adapted to be wound 
around an inferior linnb (12, 16) of the subject 
and which measures a first blood pressure of 
the inferior limb: 

a second blood-pressure measuring device 
(52, 56, 62, 86) which measures a second 
blood pressure of a superior limb (20) of the 
subject; 

a first pulse-wave sensor (36, 50) which 
detects a first pulse wave which propagates 
through a portion of the inferior limb that is 
located on an upstream side of the first inflata- 
ble cuff; 

sharpness determining means (102) for deter- 
mining a degree of sharpness of a heartbeat- 
synchronous pulse of the first pulse wave 
detected by the first pulse-wave sensor; and 
judging means (106) for judging that when the 
determined degree of sharpness is not greater 
than a first reference value and the measured 
first blood pressure is higher than the meas- 
ured second blood pressure by a value not 
smaller than a second reference value, the 
measurement of the first blood pressure by the 
first blood pressure measuring device is abnor- 
mal. 

7. An apparatus according to claim 6. wherein the 
second blood-pressure measuring device com- 
prises a second inflatable cuff (52) adapted to be 
wound around the superior limb of the subject, and 
wherein the apparatus further comprises a second 
pulse-wave sensor (62) which detects a second 
pulse wave which propagates through a portion of 
the superior limb that is located on an upstream 
side of the second inflatable cuff; and reference- 
value determining means (104) for determining the 
first reference value based on the second pulse 



wave detected by the second pulse-wave sensor. 

8. An apparatus according to claim 6 or claim 7, 
wherein the sharpness determining means com- 

5 prises means (102) for determining, as the degree 
of sharpness, a percentage, %MAP, of a height of a 
center of gravity of an area enveloped by a wave- 
form of the heartbeat-synchronous pulse of the first 
pulse wave, relative to an amplitude of the wave- 

10 form of said pulse. 

9. An apparatus (100) for measuring a superior-and- 
infertor-limb blood-pressure Index of a ftving sub- 
ject, comprising: 

15 

a first blood-pressure measuring device (24, 
28, 36. 40, 44. 50, 82. 84) which includes an 
inflatable cuff (24, 40) adapted to be wound 
around an inferior limb (12, 16) of the subject 
20 and which measures a first blood pressure of 

the inferior limb; 

a second blood-pressure measuring device 
(52, 56, 62, 96) which measures a second 
blood pressure of a superior limb (20) of the 

25 subject; 

a first pulse-wave sensor (36, 50) which 
detects a first pulse wave which propagates 
through a portion of the inferior limb that is 
located on an upstream side of the Inflatable 

30 cuff; 

a second pulse-wave sensor (62) which 
detects a second pulse wave which propagates 
through the superior limb; and 
a display device (70) which simultaneously dis- 

35 plays the measured first and second blood 

pressures and the detected first and second 
pulse waves. 

10. An apparatus according to claim 9, further compris- 
40 ing index determining means (110) for determining 

a superior-and-inferior-limb blood-pressure Index of 
the subject, based on the measured first and sec- 
ond blood pressures, wherein the display device 
(70) displays the determined superior-and-inferior- 
45 limb blood-pressure index, in addition to the meas- 
ured first and second blood pressures and the 
detected first and second pulse waves. 

11. An apparatus (120) for measuring a blood pressure 
so of an interior limb (12) of a fiving subject, compris- 
ing: 

a blood-pressure measuring device (24, 28. 34. 
36. 38, 82) which includes an inflatable cuff 
55 (24) adapted to be wound around the inferior 

limb and which measures, with the cuff, the 
blood pressure of the Inferior limb of the sub- 
ject; 
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an input device (122) which is operable for 
inputting at least one characteristic value char- 
acteristic of the subject and which produces at 
least one signal representing the at least one 
input characteristic value; 5 
map selecting means (124) for selecting, 
based on the input characteristic value, one of 
a plurality of predetermined maps each of 
which defines, in a coordinate system having a 
first axis representing blood pressure and a 10 
second axis representing information relating 
to velocity of propagation of pulse wave 
through blood vessel, a calcification range indi- 
cating calcification of the blood vessel; 
an information obtaining device (24, 28, 36, 72, 15 
74, 88) which obtains information relating to a 
velocity of propagation of a pulse wave which 
propagates between two different portions of 
the subject that include a portion (12) of the 
inferior limb around which the inflatable cuff is 20 
wound; and 

judging means (126) for judging whether the 
measured blood pressure and the obtained 
information fall In the calcification range of the 
selected map, and thereby judging whether at 25 
least one blood vessel running in said portion 
of the inferior limb has been calcified to such a 
degree that a blood flow through the blood ves- 
sel cannot be stopped by the Inflatable cuff. 

30 

12. An apparatus according to claim 11, wherein the 
input device comprises means (122) for inputting, 
as the at least one characteristic value, at least one 
value selected from the group consisting of an age 

of the subject, a value corresponding to a sex of the 35 
subject, and a height of the subject. 

13. An apparatus according to claim 1 1 or claim 12, fur- 
ther comprising a memory (66) which stores the 
plurality of predetermined maps. 40 

14. An apparatus according to any one of claims 1 1 to 
13, wherein the information obtaining device com- 
prises propagation-time measuring means (88) for 
measuring a time needed for the pulse wave to 4S 
propagate between the two different portions of the 
subject. 

15. An apparatus according to claim 14, wherein the 
information obtaining device further comprises so 
inverse-of-propagatlon-time detemiining means 
(88) for determining, as said information, an inverse 

of the propagation time measured by the propaga- 
tion-time measuring means. 
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(54) Superior and inferior limb blood pressure measuring apparatus 

(57) An apparatus (1 0) for measuring a superior- third blood pressure, 
and-inferior-limb blood-pressure index of a living sub- 
ject, comprising a first blood-pressure measuring device 
(14, 82) which measures a first blood pressure of a right 
inferior limb (12) of the subject, a second blood-pres- 
sure measuring device (18, 84) which measures a sec- 
ond blood pressure of a left inferior limb (16) of the 
subject, a third blood-pressure measuring device (22. 
86) which measures a third blood pressure of a superior 
limb (20) of the subject, a first information obtaining 
device (24. 28, 36, 38, 72, 74. 88) Which obtains first 
information relating to a first velocity of propagation of a 
first pulse wave which propagates through a first route a 
portion of whrch runs In the right inferior limb, a second 
Information obtaining device (40, 44, 50, 38, 72, 74, 90) 
which obtains second information relating to a second 
velocity of propagation of a second pulse wave which 
propagates through a second route a portion of which 
runs in the left inferior limb, selecting means (92) for 
selecting one of the measured first and second blood 
pressures that corresponds to one of the first and sec- 
ond information that relates to a lower one of the first 
and second velocities: and index determining means 
(94) for detennining the superior-and-inferior-limb 
blood-pressure index, based on the selected one of the 
first and second blood pressures, and the measured 
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requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. Claims: 1-5 

An apparatus for measuring superior and Inferior llrab blood 
pressure wherein a selection Is made between two Inferior 
measurements and the ratio between the selected Inferior 
limb blood pressure and the superior limb pressure Is used 
as an index. 



2. Claims: 6-8 

An apparatus for measuring superior and inferior limb blood 
pressure wherein a first Inferior limb blood pressure and a 
second superior limb blood pressure and a pulse wave sensor 
signal Is used to Judge If the blood pressure measurement Is 
normal . 



3. Claims: 9,10 

An apparatus for measuring superior and inferior limb blood 
pressure wherein a first inferior limb blood pressure and a 
second superior limb blood pressure and a first and second 
pulse wave sensor signals are displayed. 



4. Claims: 11-15 

An apparatus for measuring inferior limb blood pressure 
wherein an Inflatable cuff measures blood pressure of the 
Inferior limb, a map selecting means selects a calcification 
range, a pulse wave information obtaining device for 
providing information relating to the pulse wave velocity 
and judging means for Judging whether the measured bloof 
pressure fall In the calcification range of the selected map. 
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